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The Effects of Diacylglycerol on POPC/POPS Lipid Membranes
Mohammad Alwarawrah, Juyang Huang.
Texas Tech University, Lubbock, TX, USA.
Diacylglycerols (DAGs) are important second messengers in biomembranes,
and their detail interactions with other lipids are still not well understood.
In this study, four independent atomistic molecular dynamics (MD)
simulations were performed to systematically investigate the interactions of
1-palmitoyl-2-oleoyl-sn-glycerol (POG) with 1-palmitoyl-2-oleoyl-sn-glyc-
ero-3-phosphocholine (POPC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phos-
pho-L-serine (POPS). POG concentration varied from 0 to 25% (i.e. 0%,
6.25%, 12.5%, and 25%), and the ratio of POPC/POPS was kept at 4/1.
Our results show that POG decreases the area per lipid and the average dis-
tances between the acyl chains of POPC, POPS, and POG. In addition, POG
increases the bilayer thickness and the acyl chain order of lipids. Our 2D ra-
dial distribution functions show that the spacing between phospholipid head-
groups increases as POG concentration increases. This increase is due to the
interposition of small-headgroup POGs between large-headgroup phospho-
lipids. Furthermore, the number density profiles show that the headgroups
of POPC and POPS expand laterally at the bilayer-aqueous interface to cover
POGs. This expansion avoids the otherwise unfavorable exposure of hydro-
phobic part of POG to water. Finally, POG also drastically slows down the
lateral diffusion of phospholipids. This study shows that POG, in many as-
pects similar to cholesterol, has a major effect on the biophysical properties
of POPC/POPS lipid membranes.
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Thermodynamic Coupling in Asymmetric Lipid Membranes
Annemarie Brauser1,2, Max Koistinen2, Sven O. Hagge2, Arne Bo¨hling2,
Mathias Winterhalter3, Ulrich Seydel2, Thomas Gutsmann2.
1Universite´ de Montre´al, Montre´al, QC, Canada, 2Research Center Borstel,
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Most, if not all natural membranes are asymmetrically composed with respect
to their lipids. However, the knowledge on the influence of the two leaflets on
each other is rather limited. It is known that the fluidity of a cell membrane is
important for its function and a fluid membrane is favourable.
The possibility to prepare asymmetric vesicles gives a new approach to study
the interaction of the two monolayers in membranes. To get certain results
we used three different reconstitution systems for asymmetric bilayers - solid
supported LB-films, planar lipid bilayers, and asymmetric vesicles - and ap-
plied various biophysical techniques to investigate the phase behaviour of
the mono- and bilayers.
Because the most prominent example for an asymmetric membrane is the outer
membrane of Gram-negative bacteria which outer leaflet consists of lipopoly-
sacchrides (LPS) and the inner leaflet of phospholipids, these components were
in the focus of this study. But there were also different types of phospholipids
used to confirm the findings of the experiments with LPS. Surprisingly, LPS
have phase transition temperatures between 35C and 50C depending also
on the buffer. In asymmetric bilayer the phase transition temperature is shifted
to lower tmperatures which makes it more fluidic. This shift takes place only in
asymmetric and not in symmetric bilayer. We demonstrate that the two leaflets
strongly influences the phase behaviour of each other and thus a bilayer is not
just the sum of the two monolayers.
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Quantifying Distance Dependent Perturbations of Fluorescent Lipids in a
DPPC Bilayer with Molecular Dynamics
David G. Ackerman1, Frederick A. Heberle2, Gerald W. Feigenson1.
1Cornell University, Ithaca, NY, USA, 2Neutron Scattering Division,
Oak Ridge National Laboratory, Oak Ridge, TN, USA.
Fluorescent lipid analogs have become widely used tools for investigating
properties of both model and cell membranes. However, these probes are
inherently extrinsic to the systems of interest and must be carefully studied
to ensure that they do not affect the very membrane properties which they
are being used to measure. Molecular Dynamics (MD) simulations are
therefore a useful way to study these systems, providing information on
the effects of probe addition with atomic resolution. Through MD, we
have previously shown that the insertion of DiI probes into a DPPC mem-
brane causes local disordering of the bilayer, a property which can be erro-
neously characterized when analyzing order as an ensemble average.
Furthermore, we have seen that simulation box sizes in MD can produceartifacts in the data since the periodic boundary conditions introduce an ar-
tificial correlation between lipids. We have thus conducted further MD sim-
ulations to investigate perturbations of a DPPC membrane from the addition
of a variety of fluorescent lipid analogs, with a focus on distance depen-
dence and simulation size.435-Pos Board B221
Large Domain Formation in POPC/POPE Lipid Bilayers at the Maximum
Solubility Limit of Cholesterol
Serkan Balyimez, Juyang Huang.
Texas Tech University, Lubbock, TX, USA.
Lipid bilayers composed of POPC and POPE usually stay as 1-phase mixtures
at room temperature, with or without incorporation of modest amount of cho-
lesterol. However, at the maximum solubility limit of cholesterol, possibility of
domain formation has been suggested based on the detail molecular packing
patterns of phospholipids with cholesterol. The maximum solubility of choles-
terol in a lipid bilayer is the highest mole fraction of cholesterol that can be in-
corporated into a lipid bilayer before cholesterol crystals precipitate.
Previously, the maximum solubility of cholesterol in mixtures of POPC/
POPE lipid bilayers has been measured using a cholesterol oxidase (COD) re-
action rate assay. The maximum solubility of cholesterol was determined to be
67 mol % in POPC bilayers and 50 mol % in POPE bilayers. In mixtures of
POPE/POPC, the maximum solubility of cholesterol increases linearly as
a function of the ratio POPC/(POPEþPOPC). In this study, planar lipid bilayers
of POPC and POPE at their cholesterol solubility limits were incubated on mica
surfaces inside hydrated chambers. Although the bilayers appeared having uni-
form fluorescence intensity initially, we found that large lipid domains became
visible by fluorescence microscopy after several days of incubation. Previously,
it has been suggested that cholesterol may form a ‘‘hexagonal’’ regular distri-
bution pattern at the maximum solubility limit in POPE bilayers and a ‘‘maze’’
pattern at the maximum solubility in POPC bilayers. Thus, it is possible that the
lipid mixtures separated into POPC-rich and POPE-rich lipid domains, each
having their signature lipid packing pattern and mole fraction of cholesterol.436-Pos Board B222
Effects of Melatonin on Lipid Membrane Induced Aggregation of Amyloid
Beta
Youngjik(Vince) Choi, Simon J. Attwood, Zoya Leonenko.
University of Waterloo, Waterloo, ON, Canada.
Alzheimer’s disease is a progressive neurodegenerative disease associated
with amyloid fibril formation in the brain. The exact molecular mechanism
of amyloid fibril formation and toxicity is not well understood, which delays
development of novel and effective approaches to prevent and treat the dis-
ease. Some studies show that hormone ‘‘melatonin’’, which regulates and
maintains the body’s circadian rhythm, may counteract the effects of amyloid
toxicity, most likely as a radical scavenger. In addition, melatonin may have
effects on the membrane surface perturbation by amyloid-beta in its initial
stages of aggregation. Thus, we investigated the molecular interaction be-
tween early stage amyloid-beta aggregates on the lipid membrane, and the
effects of melatonin in ensemble. We used Atomic Force Microscopy
(AFM) imaging and AFM-based force spectroscopy in discovering melato-
nin’s affects on the aggregation of amyloid-beta on the lipid bilayer mem-
brane surface. The results show that melatonin may decreased the
aggregate formation on the lipid membrane surface and also alter the posi-
tioning of amyloid-beta aggregates within the lipid bilayer. We suggest
that melatonin changes in the interaction between small aggregates of
amyloid-beta and the lipid bilayer, and this effect may be an important aspect
in its protective effects.437-Pos Board B223
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Sunday, February 26, 2012 87aIntramolecular excimer formation of 1,3-di(1-pyrenyl)propane (Py-3-Py), and
fluorescence polarization of 1,6-diphenyl1,3,5-hexatriene(DPH) were used to
investigate the effect of chlorhexidine digulconate (CHX) on the bulk fluid-
ity of outer membranes (OPG) isolated from cultured Porphyromonas gingi-
valis and multilamellar vesicles were prepared with total lipids (OPGTL)
extracted from OPG and prepared with mixture (PL) of DPPE and DPPC.
The fluorescence polarization of n-(9-anthroyloxy)stearic acid (n-AS) were
used to examined the effect of CHX on the rotational mobility of the surface
and interior region of membrane lipid bilayers. CHX decreased the mobility
of the surface region of bilayers but the drug increased the mobility of the
interior region of membrane lipid bilayers.
These indicate that CHX increased both the lateral and rotational mobilities of
probes in OPG, OPGTL and PL bilayers. Selective quenching of Py-3-Py and
DPH by TNBS was utilized to examine transbilayer fluidity asymmetry of
OPG, OPGTL and PL lipid bilayers. CHX had a greater fluidizing effect
on the inner monolayers as compared to the outer monolayer of OPG, OPGTL
and PL lipid bilayers. The sensitivities to the increasing effect of fluidity dif-
fered according to these membrane lipid bilayers in the descending order of
OPG, PL and OPGTL. CHX increased the rotational mobility of the hydrocar-
bon interior of OPG, OPGTL and PL but decreased the mobility of membrane
interface of OPG, OPGTL and PL. The sensitivities to the increasing effects
of CHX on the rotational mobility were in proportion to the located depths of
the probes in descending order, as follows: 16-AP, 12-AS, 9-AS and 6-AS.
The disordering or ordering effects of CHX on the membrane lipids might
be responsible for some, but not all of its bateriostatic and bactericidal
actions.
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Performance of C36 Lipid Force Field in Pure and Mixed Lipid Bilayer
Systems at Different Temperatures
HaeDoGon Kim.
University of Kansas, Lawrence, KS, USA.
A lipid membrane modifies its composition in response to environmental
changes. Acyl chain length, ratio of saturation/unsaturation, and head group
type affect how the composition of the lipid bilayer changes. The aim of
this work is to examine the performance of the C36 lipid force field in
pure and mixed lipid bilayer systems at different temperatures. We have
performed molecular dynamics (MD) simulations of thirty-four lipid systems
with ten different fatty acids and five different head groups. Nine additional
systems have been simulated at slightly higher temperatures. To examine the
changes of mixed lipid bilayer properties, we have simulated twenty lipid
systems with pure POPC, pure DOPC, pure DPPC, mixtures of DOPC
and DPPC, and mixtures of DOPC, DPPC, and POPC. These systems
were simulated at four different temperatures: 283K, 293K, 303K, and
313K. The ratios of lipids in mixed bilayer systems differ according to their
temperatures. We performed three independent runs for each system at each
temperature to improve the conformational sampling and the statistics of the
results. We will present per-lipid surface areas (SAs) and deuterium order
parameters (Scd) with different head groups, different acyl chain length,
and different levels of chain unsaturation at a given temperature. We will
also present the influence of temperature and extent of mixture on the
SAs and Scd.
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Quantifying the Diffusion of Membrane Proteins and Peptides in Lipid
Bilayers
Kerstin Weiss, Joerg Enderlein.
University of Goettingen, Goettingen, Germany.
Membrane proteins play a key role in cellular processes, e.g. ion transport into
and out of the cell as well as signal transduction between cells. Protein diffusion
in lipid membranes is important in this regard, since the kinetics of most protein
interactions inside the membrane are diffusion limited.
Protein diffusion can be investigated accurately with dual-focus fluorescence
correlation spectroscopy (2f-FCS). In the present study, we measured the diffu-
sion of lipids and the SNARE protein Synaptobrevin-2 in free-standing lipid bi-
layers (Black Lipid Membranes, BLM) and investigated the dependence of the
diffusion coefficient on mono- and divalent ions.
Diffusion of proteins and peptides within lipid bilayers is described by the
Saffman-Delbru¨ck model. It predicts a logarithmic dependence of the protein’s
diffusion coefficient on its hydrodynamic radius. In recent publications, how-
ever, this has been both challenged and supported.To test the validity of the Saffman-Delbru¨ck model, we reconstituted proteins
of different size into the lipid bilayer, e.g. the SNARE protein Syntaxin, the
potassium channel KcsA and the chloride channel EcClC. We found that the
Saffman-Delbru¨ck model is only applicable for proteins with a significantly
larger hydrodynamic radius compared to the lipids. The diffusion of proteins
in the size range of the lipids, however, is better described with a Stokes-
Einstein-like model, where the protein’s diffusion coefficient is inversely pro-
portional to its hydrodynamic radius.
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Probing Macromolecular Interactions through the Modulation of
Hydration Dynamics at the Lipid Membrane Interfaces by Overhauser
Dynamic Nuclear Polarization
Chi-Yuan Cheng, Songi Han.
Department of Chemistry and Biochemistry, University of California,
Santa Barbara, Santa Barbara, CA, USA.
Hydration water at molecular interfaces is a sensitively responsive media that is
critically coupled to molecular interactions and their associated functions. We
study the interactions between lipid membranes and macromolecules (e.g. pro-
teins and polymers) by an ultra-sensitive technique, 1H Overhauser Dynamic
Nuclear Polarization (ODNP), through the modulation of translational hydra-
tion dynamics at molecular interfaces. It relies on selectively amplified 1H-
NMR signals within 10~20A˚ distance of localized spin labels by r3-distance
dependence of dipolar interaction between electrons and water protons. This
powerful approach provides the capability to probe hydration dynamics in
deeply buried as well as solvent-exposed molecular interfaces, and enables to
explore a wide range of molecular interactions at lipid membrane interfaces
with sensitivity and site-specificity under ambient conditions.
Here we present two examples to illustrate that the underlying functions of
membrane-active polymers and membrane proteins are strongly mediated
through interfacial hydration dynamics. Despite poloxamers, amphiphilic
triblock copolymers, are employed as a membrane sealant or permeabilizer,
the molecular basis behind their functions is unclear. (collaboration: Jia-Yu
Wang, Ka Yee Lee; University of Chicago) We found poloxamers present vastly
different functions to hydration diffusivity in the lipid membranes, depending
on their hydrophobicities and architectures. Using this approach, we study the
interaction interface of membrane-bound a-synuclein, the protein that is criti-
cally related to the Parkinson’s disease. (collaboration: Jobin Varkey, Ralf Lan-
gen; University of Southern California) Our results confirm a-synuclein forms
a-helix upon membrane binding, whereas its C-terminus remains unstructured.
Remarkably, we found a-synuclein can form a large twist as the extended
a-helix proceeds to the C-terminus. These findings showcase the strength of
ODNP to unravel the biophysical functions of macromolecules upon their in-
teractions with lipid membranes through the sensitive detection of modulated
hydration dynamics at interaction interfaces.
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Optical Manipulation of Nano-Scale Vesicles
Poul M. Bendix, Lene Oddershede.
University of Copenhagen, Copenhagen, Denmark.
Naturally occurring lipid vesicles are the most commonly used carriers inside
living organisms. To understand vesicle transport and delivery, for example in
the synaptic region, and to develop efficient drug-delivery-containers, it is
highly desirable to be able to optically control individual vesicles and to mea-
sure the distances they travel or the forces exerted on them by the cellular ma-
chinery. By using an optimized optical trapping assay in combination with
simultaneous confocal microscopy we optical trapped individual nano-scale
vesicles with diameters down to 50 nm in 3D using a focused laser beam.
The size of vesicles smaller than the diffraction limit was obtained by quanti-
tative confocal fluorescence imaging. A high refractive index sucrose core
caused efficient scattering and refraction of the laser light. This allowed for
back focal plane detection of the vesicle
position in 3D by using a quadrant photo-
diode, thus providing ~10 ms temporal and
nanometer spatial resolution. We also per-
formed the force calibration using an
image based method. Finally, as a proof
of principle, we demonstrate how to use
an optically trapped vesicle to probe the
interaction between a ligand and its
substrate.
